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A. ACCIDENT INFORMATION 

Place : Paulsboro, New Jersey 
Date : November 30, 2012 
Vehicle : Conrail Freight Train FC4230 
Operator : Consolidated Rail Corp. (Conrail) 
NTSB No. : DCA13MR002 
Investigator : Paul Stancil, RPH-20 

B. COMPONENTS EXAMINED 

1) Two sections of Trinity Industries DOT 105A300W Vinyl Chloride Tank Car, 
Reporting Mark: OCPX 80234; 

a. Section containing breach through tank car shell; 
b. Section of undamaged tank car material; 

2) Columbus Casting tank car coupler with fractured lower shelf, A.A.R. Catalog No.: 
SE 60 EE. 

 
C. DETAILS OF THE EXAMINATION 

On Friday, November 30, 2012, at 6:59 a.m. EST, southbound Consolidated Rail 
Corporation (Conrail) freight train FC4230 consisting of two locomotives and 82 cars 
derailed seven cars, the 6th through the 12th, near milepost 13.7 on the Conrail Penns 
Grove Secondary track in Paulsboro, New Jersey.  The derailment occurred as the train 
traveled over the Paulsboro moveable bridge. 

 
Four tank cars that derailed on the bridge came to rest with portions of the cars in 

Mantua Creek. Three of the derailed tank cars that entered the creek contained vinyl 
chloride, and one contained ethanol. One of the tank cars was breached during the 
derailment and released approximately 20,000 gallons of vinyl chloride into the 
environment (see figure 1).   

 
The breached tank was manufactured by Trinity Industries, Inc. in 1990 to the 

DOT105A300W specification for pressurized tank cars. DOT105A300W tanks are 
insulated, are pressure tested to 300 psi, and have a rated burst pressure of 750 psi. 
The tank was manufactured from TC128 grade B steel plate. The cylindrical shell 
portion of the tank was made from four steel plates with a minimum wall thickness 
requirement of 0.5625 inch by forming each plate into a ring, welding the longitudinal 
seam of each ring, and then joining the rings with circumferential double submerged-arc 
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welds (DSAW). The heads at each end of the tank were made from steel plate formed 
into a semi-elliptical shape and welded to each end of the shell. The heads also had a 
minimum thickness requirement of 0.5625 inch. The ends of the tank car were labeled 
“A-end” and “B-end”. The breached tank car was travelling with the B-end in the lead 
and the A-end following. 

 
A visual examination indicated that a tank car coupler had breached the tank and 

that the breach initiated at or near a circumferential weld located midway along the 
length of the shell on the left side of the tank (when viewed facing the direction of 
travel). Two sections of material were cut from the breached tank and sent to the NTSB 
Materials Laboratory for examination and testing. The first section contained the breach 
and measured 8 ft by 4 ft (figure 2a). The second section was cut from the opposite side 
of the tank car and was centered about the same circumferential weld where the breach 
had occurred (figure 2b). The section contained undamaged weld and shell material on 
the A-end and B-end sides of the weld and measured 4 ft by 3 ft. The tank car coupler 
from the leading car, found inside the breached tank, was sent to the laboratory as well 
(figure 3).  

 
A group exam of the above-mentioned items was held in Ashburn, VA and 

Washington, DC from September 25, 2013 through September 27, 2013. The members 
of the group included: 

1) Donald Kramer, Ph.D., Sr. Materials Engineer, NTSB 
2) Eric Levin, Consolidated Rail Corp. 
3) A.D. McKisic, Trinity Industries, Inc. 
4) Allen Richter, Consolidated Rail Corp. 
 
Additional external laboratory testing was conducted after the conclusion of the 

group exam. The findings of the group exam and the external laboratory testing are 
reported in the sections that follow. 

 
1. Breached tank section and tank car coupler: Visual and non-destructive 

evaluation 

The breached section of the tank was examined visually and the dimensions of 
several features were measured using a steel ruler and measuring tape. There was a 
scratch track on the outside of the tank that started approximately 13 inch from the weld 
on the B-end side, as shown in figure 4, and increased in width and depth until it 
intersected the weld. Near the toe of the weld, the scratch was approximately 2.0 inch 
wide and 0.7 inch deep (figure 5). There was a tear along the lower edge of the scratch 
track that started at the toe of the weld and extended 2.8 inch back toward the B-end 
(figure 5). 

 
The shell wall was fractured in the circumferential direction at/near the toe of the 

weld on the B-end side along a length of approximately 2.5 inch (see the laboratory 
examination section below for a metallographic cross section through the weld). At each 
end of the circumferential fracture, the fracture path turned and continued along the 
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longitudinal direction of the tank fracturing the weld and producing two approximately 
17-inch long tears on the A-end side of the weld. The distance between the tears 
started at 2.5 inch near the weld and it increased to approximately 5.7 inch near the 
end. The material between the tears had curled inward as shown in figures 6 and 7. The 
tears then opened into an irregularly-shaped hole with additional curling and inward 
deformation that folded sections of the wall inside the shell as shown in figure 6. The 
hole measured 37 inch at its widest. On the A-end side of the weld, a second scratch 
track appeared below the lower tear and the combined width of the tears and the 
second scratch track was approximately 11 inch. Just before the tears opened into the 
hole, a third scratch track appeared below the second scratch track (figure 4). 

 
The wall thickness of the tank section was measured on the B-end side of the 

weld using an ultrasonic thickness gage in an undeformed area. The tank wall thickness 
measured 0.605 inch and exceeded the minimum wall thickness requirement of 
0.5625 inch. 

  
The welds on the two tank car pieces, including the 2.5 inch length of fractured 

weld that was attached to the curled material (adjacent to the breach initiation site), 
were examined by radiographic inspection and the radiographs were compared to the 
acceptance criteria in the AAR Manual of Standards and Recommended Practices 
Section C-III: Specifications for Tank Cars (AAR, 2007). The weld sections met the 
acceptance criteria with the exception of a discontinuity adjacent to the failure initiation 
site that was identified as a crack on the weld inspection report (see section C.2 and 
figure 11a below). See Appendix A for the radiographic inspection report. 

 
The fractured tank car coupler was visually examined. Photographs of the 

coupler are shown in figures 3, 8, and 9. The aft end of the coupler consists of a knuckle 
which couples the leading and trailing car, an upper shelf, and a lower shelf. The lower 
shelf is of a similar size and shape as the upper shelf but is offset laterally. The shelves 
limit relative vertical displacements of the knuckles that might otherwise lead to 
decoupling of the cars. The bottom shelf on the coupler was fractured as indicated in 
figures 8 and 9. Near the aft portion of the shelf, the fracture surface was rough and had 
an appearance consistent with a cast microstructure. As the fracture proceeded toward 
the forward portion of the shelf, the fracture surface developed a shear lip. The fracture 
features were consistent with an overstress fracture in forward bending. 

 
The fracture at the weld and the surrounding material was cut from the tank car 

for laboratory examination using a plasma cutter (figure 10). Additional specimens were 
cut from the tank sections for testing and examination as follows: 

• Tensile testing of A-end side and B-end side material from the undamaged 
section; 

• Chemical analysis of A-end side and B-end side tank car material from the 
undamaged section; 

• Hardness testing of weld material from the breached section; 
• Metallurgical cross section through the circumferential weld from the undamaged 

section; 
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• Tensile testing of weld material from the breached section; 
 

2. Laboratory examination 

The fracture at the weld was cleaned first by using an alkaline detergent and a 
nylon bristle brush, second by sonication in acetone, and finally by acetate replicating 
tape softened with acetone. The fracture surfaces were then examined using a 
stereomicroscope and photographed as shown in figures 11a and b. The fracture 
surfaces had a rough and smeared appearance. A lip of material was observed on the 
B-end side along the inside of the shell wall and a corresponding lip of material was 
observed along the edge of the weld bead on the outside of the shell wall (not shown). 
The features were consistent with a ductile shear overstress fracture.  

 
The feature identified as a crack on the radiographic inspection report was visible 

on the fracture surface adjacent to the weld bead as indicated in figure 11a. The feature 
was a tear that started along the inside of the shell wall and progressed radially outward 
before turning and following a circumferential path. There was no analogous feature on 
the mating fracture face (figure 11b). Similarly, there was no analogous feature to the 
tear on the B-end side of the weld, previously described, on its mating fracture face. As 
shown in figure 11a, the weld and material on the A-end side of the weld were curved 
radially inward due to bending deformation about the longitudinal direction of the shell. 
The same degree of bending deformation was not observed in the shell wall on the B-
end side. 

 
Metallurgical cross sections through an intact section of the weld and through the 

fracture near the weld were prepared using standard metallographic procedures in 
accordance with ASTM E3 – 01. The polished cross sections were etched with a 
mixture of 98% methanol and 2% nitric acid (Nital etch). An image of the intact weld 
cross section is shown in figure 12 and an image of the fracture near the weld is shown 
in figure 13. The appearance of the weld was consistent with the DSAW process with 
the first welding pass along the inside of the shell and the second welding pass along 
the outside of the shell. The microstructure of the steel on both sides of the weld had a 
fine-grained appearance, as shown in figure 14, consistent with the microstructure 
requirements for TC128 grade B steel (AAR, 2007). 

 
The cross section through the fractured weld indicated that the fracture started at 

the toe of the weld on the inside of the shell and progressed away from the weld, 
through the heat-affected zone, and into the base metal where it remained through the 
rest of the wall section. The microstructure of the heat-affected zone was examined at 
higher magnification. Next to the fusion zone, the heat affected zone had a coarse grain 
appearance, with occasional proeutecoid ferrite located along prior austenite grain 
boundaries and needle-shaped (Widmanstätten) ferrite with secondary phases inside 
the prior austenite grains (figure 15a). With increasing distance from the fusion zone, 
the microstructure became increasingly refined with an appearance similar to the parent 
metal microstructure but with a finer grain size (figure 15b).  
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 Also visible on the cross section was the reduction in thickness to the shell wall 
on the B-end side of the weld (see figure 13). The wall thickness, as measured by a 
micrometer at one location close to the fracture, was reduced to 0.4214 inch.  

 
The hardness of the inside and outside weld passes was measured three times 

on sections of the weld that were ground flat on their respective faces (also leveled on 
the backside). The hardness measurement procedure was carried out in accordance 
with ASTM E18 – 03e1. The hardness values on the outside weld were 12.2 HRC, 
14.8 HRC, and 14.7 HRC. The hardness values on the inside weld were 9.3 HRC, 
10.1 HRC, and 8.7 HRC. All hardness values were below 20 HRC, in accordance with 
the AAR specification (AAR, 2007). 

 
3. External laboratory testing 

Samples for tensile testing of the tank material on the A- and B-end sides of the 
weld and of the weld were sent to a commercial laboratory. The samples were prepared 
and tested in accordance with ASTM A370-12a and the AAR tank car specification. All 
base metal and weld metal specimens met their respective mechanical property 
requirements. See tables 1 and 2 for a summary of the mechanical property data, 
Appendix B for the laboratory test report, and Appendix C for the original steel mill test 
reports that contain the original mechanical test data for the plates that were used in the 
construction of the shell. 

 
Samples of the tank material were sent to a commercial laboratory for chemical 

analysis. The chemical composition of the material on the A- and B-end sides of the 
weld met the requirements of the material specification for TC128 grade B that were in 
effect at the time the tank was fabricated. See Appendix D for the laboratory test report, 
Appendix E for the relevant TC 128 grade B chemical composition requirements, and 
Appendix C for the mill test reports that contain the original heat analysis. 

 
D. REFERENCES 

AAR. (2007). Manual of Standards and Recommended Practices Section C-III – 
Specifications for Tank Cars. Washington, DC: American Association of Railroads. 

 
 
 
 

Donald Kramer, Ph.D. 
Sr. Materials Engineer 
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Table 1: Mechanical test data for the tank car material on the A-end and B-end sides of the 
weld. The values are the average of three test specimens. Standard deviations are given as 

are the requirements for TC128 grade B material. 

Source 

Yield Strength, 
0.5% extension 
under load, ksi 

Yield Strength, 
0.2% offset, ksi 

Tensile 
Strength, ksi 

Elongation in 
2 inch 

A-end 67 ± 2 68 ± 2 89 ± 2 35% ± 1% 

B-end 65 ± 0 66 ± 1 87 ± 0 36% ± 2% 

AAR TC128 
grade B 

Requirement 501 (min) 501 (min) 81 to 101 22% (min) 
 

Table 2: Mechanical test data for the circumferential weld. The values are the average of three 
test specimens. For comparison, the requirements from the specification are also given 

(AAR, 2007). 

Source 

Tensile 
Strength, 

ksi Elongation2 
Location and 

Character of Failure3 
Weld tension specimens 
from breached section 92 ± 1 31 ± 2 Base metal/ductile 

AAR Joint-Tension Test 
Requirement 81 - min — — 

 
  

                                            
1 The material specification for TC128 grade B allows either the 0.5% extension under load or 0.2% strain offset 
method to be used for determination of yield strength. 
2 This measurement is provided for information purposes only. There is no elongation requirement per the 
specification. 
3 This observation is provided for information purposes only. An observation of the location of failure is only 
required per the specification if the tensile strength of the weld test specimen is between 95% and 100% of the 
tensile strength requirement for the base metal. 
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Figure 1: Aerial photo with the A-end, B-end, and approximate location of the breach in the 

tank car identified. 
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a)  

b)  
Figure 2: a) 4 ft by 8 ft section of vinyl chloride tank car OCPX 80234 containing the breach 

and b) 4 ft by 3 ft section from the opposite side of the tank car containing the same 
circumferential weld and ring material on either side. The location of the weld on each section 

is indicated by a series of yellow arrows.  

B-end side A-end side 

A-end side B-end side 

Circumferential weld 

Circumferential weld 
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Figure 3: Underside view of the tank car coupler from the leading car that was found inside the 

breached tank. The location of the fractured lower shelf is indicated in the figure. 
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Figure 4: Image of the outside of the tank car shell showing the site, near a circumferential 

weld, where the breach initiated. 
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Figure 5: View of where the breach initiated, looking down the longitudinal axis toward the B-

end of the tank car. 
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Figure 6: Image of the inside of the shell showing the curling deformation of the material that 

was pushed inward. 
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Figure 7: Image of the material between the two tears peeled inward on the A-end side of the 

weld where the breach initiated. 
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Figure 8: Image of the tank car coupler viewed from the trailing end.  
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Figure 9: Image of the lower shelf fracture surface. The fracture features were consistent with 

an overstress fracture in forward bending. 
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Figure 10: Area cut out of the tank car where the breach initiated. A metallographic cross 

section was prepared through the weld as indicated by the black arrows and shown in 
figure 13 below. 
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a)  

b)  
Figure 11: Images of the mating fracture faces at the toe of the circumferential weld where the 

breach initiated: a) side of fracture containing weld material and shell material on the A-end 
side of the weld. The yellow-dashed line indicates the location of the weld toe on the A-end 

side of the weld; b) side of fracture containing shell material on B-end side of the weld. 
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Figure 12: Metallographic cross section of the circumferential DSAW weld from the undamaged tank car section. 
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Figure 13: Metallurgical cross section through the circumferential weld where the breach initiated. 
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Figure 14: Typical microstructure consistent with the grain size requirements of TC 128 grade 

B material. 
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a)  

b)  
Figure 15: Microstructure of the heat-affected zone next to the fracture; a) the mictrostructure 
adjacent to the fusion zone had a coarse grain appearance with occasional proeutectoid ferrite 

along prior austenite grain boundaries and Widmanstätten ferrite with secondary phases; b) 
with increasing distance from the fusion zone, the grain size became increasingly refined.  

Fusion zone 

Coarse grain heat-
affected zone 

Fine grain heat-
affected zone 
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Appendix A: Radiographic Inspection Report 
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Appendix B: Mechanical Testing Report 



 

This certificate of report shall not be reproduced, except in full, without written approval of Lehigh Testing Laboratories, Inc.  Testing relates only to item(s) 
tested.  The recording of false, fictitious or fraudulent statements or entries in this document may be punishable as a felony under Federal Statutes. Form 500 

TEST REPORT 
 
NATIONAL TRANSPORTATION SAFETY BOARD  DATE:  October 7, 2013 
ATTENTION:  DON KRAMER 
490 L’ENFANT PLAZA EAST     PO NO:  VERBAL 
WASHINGTON, DC  20594 
         LEHIGH NO: P-57-22 

        Samples 1 & 2 
         PAGE:  1 of 1 
 
MATERIAL:   AAR TC123 GRADE B 
SAMPLE DESIGNATION: (2) SAMPLES:   8-1/2” X 11” X 9/16” NOMINAL WALL SECTION 
          OF PIPE “A-END” & “B-END” 
 
MECHANICAL PROPERTIES (Per ASTM A370-12a) 
 #1 #2 
 “A-END” “B-END” 
 A B C A B C 
Width (inches): 1.494 1.506 1.483 1.508 1.491 1.498 
Thickness (inches): 0.618 0.620 0.619 0.611 0.610 0.613 
Area (square inches): 0.9233 0.9337 0.9180 0.9214 0.9095 0.9183 
Yield Point (ksi): 0.5% EUL: 66 66 69 65 65 65 
Yield Point (ksi): 0.2% offset: 66 67 70 65 66 66 
Ultimate Tensile Strength (ksi): 89 88 91 87 87 87 
Elongation (%) in 2”: 35 36 35 36 35 38 
       
Based on the above testing this material meets the customer requirements of minimum yield 50 ksi, 
ultimate tensile 81 to 101 ksi, 22% minimum elongation. 
 
Results are for information only. 
 
 
 
 
 
 
 
 
 
 

Lehigh Testing Laboratories, Inc. 
 

   
______________________________________ 
Kenneth M. Petito, Supvr., Mechanical Testing 



 

This certificate of report shall not be reproduced, except in full, without written approval of Lehigh Testing Laboratories, Inc.  Testing relates only to item(s) 
tested.  The recording of false, fictitious or fraudulent statements or entries in this document may be punishable as a felony under Federal Statutes. Form 500 

TEST REPORT 
 
NATIONAL TRANSPORTATION SAFETY BOARD  DATE:  October 7, 2013 
ATTENTION:  DON KRAMER 
490 L’ENFANT PLAZA EAST     PO NO:  VERBAL 
WASHINGTON, DC  20594 
         LEHIGH NO: P-57-22 

        Sample 3 
         PAGE:  1 of 1 
 
MATERIAL:   AAR TC123 GRADE B 
SAMPLE DESIGNATION: (1) SAMPLE:   8-1/2” X 11” X 9/16” NOMINAL WALL SECTION 
       OF PIPE “BUTT WELD” 
 
MECHANICAL PROPERTIES (Per ASTM A370-12a) 
 #3 
 “BUTT WELD” 
 A B C 
Width (inches): 1.486 1.492 1.492 
Thickness (inches): 0.578 0.582 0.578 
Area (square inches): 0.8589 0.8683 0.8624 
Ultimate Tensile Strength (ksi): 93 92 92 
Elongation (%) in 2”: 31 32 29 
Location & Character of Failure: Base/ Base/ Base/ 
 Ductile Ductile Ductile 
    
Based on the above testing this material meets the customer requirements of 22% minimum elongation and 
Weld:  Minimum tensile 81 ksi. 
 
Results are for information only. 
 
 
 
 
 
 
 
 
 
 

Lehigh Testing Laboratories, Inc. 
 

   
______________________________________ 
Kenneth M. Petito, Supvr., Mechanical Testing 
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Appendix C: Mill Test Reports 
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Appendix D: Chemical Analysis Report 
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Appendix E: TC 128 Grade B Chemical Requirements from previous revisions of the AAR 
Manual of Standards and Recommended Practices Section C-III – Specifications for Tank 

Cars 
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